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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Solid Electrical Insulating Materials Sectional Committee had been approved by the Electrotechnical 
Division Council. 

This standard is part of the following series of standards: 

Part 1 General guidelines for ageing procedures and evaluation of test results 

Part 2 List of materials and available tests 

Part 3 Statistical methods 

Part 4 Instructions for calculating thermal endurance profile 

In the formulation of this standard, assistance has been derived from lEG 216-3 Guide for the determination 
of thermal endurance properties of electrical insulating materials : Part 3 Statistical methods issued by the 
International Electrotechnical Commission. 
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Indian Standard 



GUIDE FOR DETERMINATION OF THERMAL 

ENDURANCE PROPERTIES OF ELECTRICAL 

INSULATING MATERIALS 



PART 3 STATISTICAL METHODS 



1 SCOPE 



This standard gives statistical methods for the 
determination of the thermal endurance graph 
and the thermal endurance profile of electrical 
insulating materials, as well as the temperature 
index. 

2 OBJECT 

The procedures described in this standard apply 
to the determination of the thermal endurance 
properties of electrical insulating materials. 

The thermal endurance graph of an electrical 
insulating material is a graph showing the depen- 
dence on temperature of a selected property of 
the material, based on specified tests during or 
after exposure to different temperatures. 

The temperature index consists of the number 
corresponding to the temperature in degree Celsius 
derived from the thermal endurance relationship 
at one given time, normally 20 000 h, unless 
otherwise specified. 

The thermal endurance profile consists of two 
numbers corresponding to the temperatures in 
degrees Celsius derived from the thermal endur- 
ance graph at 20 000 h and 5 000 h, followed by a 
number corresponding to the lower 95% confi- 
dence limit on the temperature at 5 000 h. 

The determination of the confidence limit neces- 
sitates a statistical treatment of the results of the 
thermal endurance tests. Formulae for this 
statistical treatment are given in the following. 

The experimental data which are to be treated 
statistically in order to obtain the thermal endur- 
ance properties are the times to failure, for 
example the times to reach a specified end point as 
a result of a thermal ageing treatment of a number 
of specimens at different ageing temperatures. 

The statistical treatment of the test data given 
below is based on the assumption that a linear 
relationship exists between the logarithm of the 
time to failure and the reciprocal of the thermo- 
dynamic ( absolute ) temperature, which, for 
example, is the case when the degradation is due 
to a first order chemical reaction and thus obeys 
Arrhenius' law. Since changes in the ageing 



mechanism whh temperature may invalidate this 
assumption outside the range covered by the 
exposure temperatures, even if not detectable 
within this range, the lowest exposure tempera- 
ture should be chosen to result in an average time 
to failure of at least 5 000h, and the extrapolation 
necessary to establish the thermal endurance 
profile or the temperature index should be not 
more than 25°G. 

In cases where the measured values clearly indi- 
cate that such a linear relationship does not exist 
no extrapolation should be made. Curves of the 
property tested versus time at the different ex- 
posure temperatures may give valuable informa- 
tion in such cases, but a temperature index may 
only be derived after tests with an exposure 
temperature giving an average time to failure of 
at least 20 000 h. 

The number of specimens exposed at each tem- 
perature has a great influence on the accuracy of 
the test results. If the probable spread in the test 
results can be anticipated, it is possible to cal- 
culate the number of specimens necessary to 
obtain an acceptable confidence in the results, 
otherwise guidance may be obtained from preli- 
minary tests. 

If suspicion arises that isolated extreme test results 
do not belong to the population, these may be 
sorted out as outHers by statistical methods, but 
only after careful examination of the circum- 
stances of the test, and their value should be noted 
in the report. In such cases the number of test 
results at the various exposure temperatures will 
usually be different. 

The methods for treating the data depend to 
some degree on the experimental procedure. The 
following cases should be distinguished: 

a. Ageing procedure, 
a. I Continuous. 

a 2 Cyclic. 

b. Evaluation of the state of the specimens. 

b.l Non-destructive measurement of 
property/properties, 
b. 1 . 1 Continuous monitoring, 
b.l. 2 Periodic measurements. 



IS 8504 ( Part 3 ) : 1994 



b,2 Periodic application of a specified test 
stress ( proof tests ) . 

b.3 Destructive determination of a 
property. 

Method b.l may be applied in combination with 
either Procedure a.l ( continuous ageing ), or 
Procedure a. 2 ( cyclic ageing ) in which case the 
purpose of the cycling may be, for example, to 
expose the test specimens to defined thermal shocks 
during ageing. If the measurements are recorded 
continuously or by frequent scanning ( b.1.1 ), 
the times to failure are obtained directly by 
examination of the recorded values, and if periodic 
measurements are made ( b.l. 2 ) they are inter- 
polated on graphs of property versus time 
( see 4,1 ). In both cases the time to failure is 
determined for each individual specimen as a 
continuous variable and the rate of change of the 
property appears from the measurements, which 
is not the case with Methods b 2 and b.3 The 
evaluation of the results is described in 4, 

Method b.2 is most frequently applied in connec- 
tion with Procedure a. 2 ( cyclic ageing ). The 
proof test determines whether the tested property 
of a specimen is still within the limit of the proof 
stress, ( end-point criterion ) or not. If the proof 
test is applied, for example at the end of each 
ageing cycle, the time to failure is defined as the 
midpoint of a cycle, and is thus a discontinuous 
variable ( see ^A. ). Since the variation during 
time of the property is not revealed by the test, 
this method is not as informative as Method b.l. 
The statistical procedure for obtaining the thermal 
endurance profile is analogous to the procedure 
used in case b 1 and is described in 4, 

Method b,3 may be applied to either Procedure 
a.l or a. 2. A predetermined number of speci- 
mens are examined and then discarded, at 
each time of measurement. Since the values of 
the property at the different measuring times are 
determined on different specimens, this method is 
more sensitive to variations between specimens 
than the above methods. It is not possible to 
obtain a time to failure for the individual speci- 
mens, but the results indicate the general trend 
of property versus time and an average time to 
failure at each ageing temperature. The statistical 
procedures for obtaining the thermal endurance 
profile in this case are discussed in 5. 

A flow diagram, showing the main steps in the 
statistical procedure and the decisions to be taken 
is given in Annex B. 

3 STATISTICAL PROCEDURES 

3.1 The statistical procedures involved comprise 
the following steps: 

1) Determination of the times to failure. 

2) Calculation of the coefficients a and b of 
the linear equation of regression _> c:= a + ^.v 



of the logarithm of time to failure (j^*— Ig^ 
on the reciprocal value of the thermo- 
dynamic temperature ( a: « i/0 ). 

3) Drawing the thermal endurance graph. 

4) Determination of the temperature index 
( when applicable ). 

5) Testing the equality of the variances of the 
logarithm of the times to failure at the 
different ageing temperatures. 

6) Test for linearity of the regression 
equation* 

NOTE — It is emphasized that this test applies 
to the range of measured points only, and that 
confidence limits calculated for extrapolated 
points are based exclusively on the assumption 
of linearity mentioned below ( see 3.2, Item 4 ), 

7) Determination of the lower unilateral 95% 
confidence limit on the logarithmic mean 
time to failure on the regression line, 

8) Calculation of the values of temperature 
d°0 corresponding to times to failure of 
5 000 h and 20 000 h according to the 
regression equation. 

9) Check the coefRcient of variation of the 
logarithm of time to failure according to 
the regression equation at 5 000 h. 

10) Calculation of the low^er unilateral 95% 
confidence limit on the temperature corres- 
ponding to a time to failure of 5 000 h on 
the regression line. 

3.2 Assumptions 

The assumptions underlying the statistical 
procedures are as follows: 

1) The observed values of time to failure are 
stochastically independent. The specimens 
used for the ageing test constitute a ran- 
dom sample from the population invest- 
igated, and have been treated uniformly. 

2) The dependent variable y ( logarithm of 
time to failure ) is normally distributed at 
each value of the independent variable x 
{ reciprocal value of thermodynamic 
temperature ). 

3) The variance a^ of j is the same at all values 
of X, 

4) The dependent variable j is a linear 
function of the independent variable x^ at 
least over a range including all test points 
and all extrapolated points. 

5) The errors in x are negligible^ so that x has 
the same exactly known value for all 
specimens aged at the same temperature. 
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4 NON-DESTRUCTIVE MEASUREMENTS 
AND PROOF TESTS 

In cases where the end-point criterion is revealed 
by non-destructive measurements of one or more 
properties (2, Item b.l ) or by applying a 
specified proof test ( 2, Item b.2 ) the procedure 
described in this clause applies. The procedure to 
be followed in the case of destructive determina- 
tion of a property ( 2, Item b.3 ) is given in 5. 

4.1 Times to Failure 

A total of A^ specimens are exposed at k different 
temperatures Oi^C^ where i ~ \,.k. The number 
of specimens exposed at 6i °G is designated ni 
( N — Swi ). Usually experiments are planned 
with the same number, /?, of specimens exposed at 
all temperatures ( iV" = kn ), but it is also possible 
to carry out the calculation in cases where the nis 
are different. 

For each specimen a time to failure is obtained as 
described below. The individual [timest o failure 
are designated tjj, where the first index, i. indi- 
cates the relevant exposure temperature ( Oi°G ), 
and the second index, j, the number allocated to 
the specimen within the series of rii specimens 
exposed at that temperature, i e., j = 1 ... ni 

4.1.1 Continuous Monitoring { b.l I ) 

By continuous monitoring the measured property 
values are recorded continuously or by frequent 
scanning of the specimens during exposure. 
Examination of the recorded values will directly 
reveal the time when the end-point criterion was 
exceeded for each specimen, that is, the individual 
time to failure iiy 

4.1.2 Periodic Measurements ( bJ.2 ) 

If the specimens exposed at one temperature are 
measured at predetermined times /j, /a > the 
individual time to failure for each specimen, tjj, 
may be determined from a graph of property 
versus time. 

4.1.3 Proof Tests {b.2) 

If a proof stress is applied at predetermined times, 
the outcome of the test is a time ft when failure 
was first observed, and the immediately preceding 
test time ti^i when failure was last not observed. 

The individual time to failure is taken as the 
mean of these two values, i.e., 



4.2 The Regression Equation 

For each value of the temperature ^i, calculate the 
reciprocal value of the thermodynamic 
temperature ©i = ^i + 273, 
_ 1 



the logarithm of the times to failure /ij, 

y\l = Ig ^ij 
and the mean values ofjij, 

y^ = ^-- 

•^ ni 

The coefficients of the regression equation 

y z=^ a '\- bx 
are determined from the equations 
^ = j^ — bx 

^ MtJ Xi Syij )^(Zn i Xi) { SS^ij ) 



where 



and 



2«i Xi 



4.3 The Theroaal Endurance Graph 

When the regression line has been established, it 
is drawn on the thermal endurance graph, i.e., a 
graph with jv — Ig / as ordinate, and x = 1/0 as 
abscissa. Usually x is plotted as increasing from 
the right to the left, and the corresponding values 
of in ''C are marked on the axis ( see Fig. 1). 
Special graph paper is obtainable for this 
purpose. 

The individual values /gj'ij = ^ij, and the mean 
values j?i ^ Ig /i where ti denotes the logarithmic 
mean values of time to failure, are plotted on the 
graph at the corresponding values of 

_ 1 

""'^ di-h 273' 

4.4 The Temperature Index 

When applicable, the temperature index, TI, is 
determined from the thermal endurance graph 4.3, 
as the temperature ^ ( in ''G ) on the regression 
line corresponding to a specified time T, normally 
20 000 h. 

The TI should only be derived if the positions of 
the experimental points relative to the regression 
line justify the assumption of a linear relation- 
ship. 

4.5 Test for Equality of Variances 

For each value of i. one calculates the variances 

•^li — ~7 

with/i — «i — I degrees of freedom, and their 
weighted mean 

2/i sn^ 



Si^ ^ 



S/i 
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Fig. 1 Thermal Endurance Graph 



with 



fi =? 2/^1 degrees of freedom. 



The equality of the k variances sii^ is tested by 
Bartlett's test on significance level a =- 005 by 
comparing the test variable 

2 3[/ilg5i^~S(/ilg^iiM] 



X2 = 



where 



c=l + 

/l 



i-i)- 



fi 



1) 



3 {k- 
S/i 

with the tabulated value X^ ( 095, k — 1 ), where 
k — 1 is the number of degrees of freedom of X^, 
( see Annex A ). 

If X^ is greater than the tabulated value, the 
differences in sn^ are considered significant, and 
the value of X^ shall be given in the test report. 
The weighted mean ^i^ is used as a pooled esti- 
mate of the variance within the k sets of measure- 
ments with/i degrees of freedom. 

4,6 Test for Linearity 

From the regression equation one calculates the 
estimated mean values of y according to the 
regression line 

Ti^^ a + bxi 
corresponding to the k values of atj, and hence the 
variance 



s%' 



with 



7^ 



f^^=kx 2 degrees of freedom. 



The pooled estimate s^^ of the variance within the 
k sets of measurements is compared with the 
variance sS about the regression line by Fisher's 
test on significance level a = 0*05. 

.2 



The test variable F 



JV 

^1^ 



is compared with 



the tabulated value of F ( 0*95,/n,/(j), see 
Annex A 

Here/n is the number of degrees of freedom of 
the numerator of F, and/^j of the denominator, 
that is, /n is equal to /g calculated above, and /"^j 
equal to^g i^ shown in 4.5. 

If F is greater than the tabulated value, the 
deviation from the straight line is considered 
significant and the value of F shall be given in the 
test report. 

A pooled estimate of the variance is calculated 
as 



JSf ■ 



with 



A 



f ^ JSf — 2 degrees of freedom. 
4.7 Confidence Limit on Time in the Graph 

The lower unilateral 95% confidence limit on the 
true value ofy at a given value X is 

Tc = r—t Sy 
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where 



r= a + bX 



-[w 



+ 






■] 



and t is the tabulated value of Student's / with 
/ = jV X 2 degrees of freedom corresponding to 
95% confidence level, t ( 0*95, /), {see Annex A). 

T^ is calculated for several connected values of T 
and X of the regression equation, distributed over 
the range of interest, and a curve through the 
points { X,Yq) drawn on the graph. 

4.8 Temperatures Corresponding to 5 kh 
and 20 kh to Failure 

From the regression equation 

y ^=z a -\' bx 

one calculates the values X^ and ^go correspond- 
ing to the values 

rg = IgSOOO = 370, 
and 

Tgo- lg20 000 =- 4*30, 
and hence the corresponding temperatures in 
degrees Celsius 

1 



- 273 



and 



— 273 



^^20 



4.9 Coefficient of Variation 

The variance of T^ as determined from the regres- 
sion equation corresponding to the temperature 
^5 is calculated as 



S,2 






+ 



and hence the coefficient variation 

"37 



•] 



cv= 



fy _ 



^c 



S + 



br 



+ 



t Sr 



where 



br'=h~ 



tis^ 






{X^-xYN 



■] 



Ig 5 000 

If the coefficient of variation CF < 1*5%, the 
thermal endurance profile is determined as 
per 4.11; if not, only the thermal endurance 
graph 4.3 and when applicable, the temperature 
index 4,4 are reported. 

4.10 Confidence Limit on ©s 

The lower unilateral 95% confidence limit Bq on 
the temperature corresponding to 5 000 h to 
failure is calculated from 



b Sni { Xi — X )^ 



and t is the tabulated value of Student's t with 
y ~ jV"— 2 degrees of freedom corresponding to 
95% confidence level, ^ ( 95,/), ( 5^^ Annex 

A). 

^c = n^ ~ 273 

4.11 The Thermal Endurance Profile 

The thermal endurance profile { TEP ) is deter- 
mined as the numbers corresponding to the 
temperatures yielding an estimated logarithmic 
mean time to failure of 20 kh and 5 kh, 620 ^^^ 
65 ( 4.8 ) followed by ©c ( 4.10 ). 

TEP 020/06 ( ©C ) 

5 DESTRUCTIVE MEASUREMENTS 

When destructive measurement of a property is 
used to determine the end point ( 2, Item b.3 ), 
the number of specimens exposed at each 
temperature shall be at least equal to the product 
of the number of specimens measured at the end 
of each time interval, and the number of times ^1, 
^2..., at which the measurements are carried out. 

If, for example, it is planned to measure ten speci- 
mens at each of eight times at three diflPerent 
temperatures, a total of 3 x 8 x 10 == 240 speci- 
mens is necessary. It is, however, convenient to 
expose some extra sets of ten specimens at each 
temperature to be able to measure at even longer 
times than originally planned, if the measure- 
ments indicate a longer time to failure at one or 
more temperatures, than foreseen at the planning 
of the experiment. It may also be convenient to 
start exposure of some extra sets of specimens at a 
later time in order to measure at intermediate 
exposure times, or at shorter exposure times than 
originally planned, if found appropriate during 
the experiment. 

Since the specimens are discarded after measure- 
ment, it is not possible to follow the change in 
property for the individual specimens, and to 
determine unambiguously a time to failure for 
each specimen. 

5.1 Times to Failure 

At each test temperature the measured results are 
plotted on a graph of the property measured 
versus the time of measurement. A curve is drawn, 
which makes a best fit to the measured values, 
and the intersection of this curve with a line 
representing the end-point criterion determines 
the time to failure at that temperature, fi. 

Specifications for particular materials may call for 
a special treatment of the measuring results, such 
as plotting the logarithm of the property versus 
time, or some function of the property versus the 
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logarithm of time to obtain a simple, for ins= 
tance approximately linear graph. The curve may 
be fitted to measured points by the method of 
least square. The mathematical function describ- 
ing the connection between property and lime 
depends on the type of material tested, i.e., on the 
order of chemical processes involved in the ageing 
process, and the relation between chemical com- 
position and the property measured. Theoretical 
knowledge and previous experience of such pro- 
cesses and relations should be kept in mind when 
choosing the exact evaluating procedure. 

5.2 Calculations 

The calculations proceed essentially as described 
in 4, but since only one value of time to failure 
is obtained from the property graph at each 
temperature ( 5.1 ), m becomes equal to one. 

Therefore, it is not possible to determine the 
value 5^2 ( 4^5 ^^ which is based on the deviation 
oi y at fixed temperature; and the estimate s^ of 
the variance of j must be based exclusively on the 
scatter of the values ti about the regression line, 
resulting in a value of s^ with only k — 1 degrees 
of freedom. 

In order to make an estimate of the degree of 
conformity of the property curves, and of the 
linearity of the thermal endurance graph, a rough 
estimate of the variance sn^ at each temperature 
is derived as follows. 

It is assumed that the curves of property versus 
time for the individual specimens run parallel to 



the average curve of property obtained according 
to 5.1 — at least in the vicinity of the point where 
the curve crosses the end-point criterion — 
although only one point of each curve can be 
assessed, because of the destructive nature of the 
test. 

In the properly versus time graph curves are 
drawn parallel to the average curve, through 
some of the measuring points near to the cross- 
over point, for example, as indicated in Fig. 2, 
where such curves are shown through three 
measuring points at each of the four measuring 
times ^m-S) ^m-i) ^m^ ^m+i closest to the time /j, 
where the average ( or best fitting ) curve crosses 
the line representing the end-p)oint criterion. 

The intersections txj of these curves with the end- 
point criterion line are taken as the times to 
failure at the temperature ^i, and are used in the 
calculation in accordance with 4.5 and 4*6. 

It is emphasized, however, that these calculations 
lead to rough estimates only. 

5.3 The Temperature Index 

When applicable, the temperature index, TI, is 
determined as described in 4,4. 

5.4 The Thermal Endurance Profile 

The coefficient of variation, CF, is calculated in 
accordance with 4.9. IfCF< 1'5% the thermal 
endurance profile, TEP, is determined as 
described in 4.11. 




END 'POINT 
CRITERION 



BEST FITTING 
LINE 



tm-2 tm-1 trtij tm tm+1 TIME 

Fig. 2 Determination of Supposed Times to Failure 
( Destructive Measurements ) 
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ANNEX A 



0*95 Fractiles of the X^, t, and F Distributions 

This table gives the values of 1^ ( 0-95,/), t ( 095,/) and F ( 0*95, /n,/d ), where /n is the 
number of degrees of freedom of the numerator, and/a of the denominator in the expression 



F=^ 



sa^ 



f 


x^ 


t 


1 


3-8 


6-31 


2 


6-0 


2-92 


3 


7-8 


2-35 


4 


9*5 


2-13 


5 


11-1 


2-02 


6 


12*6 


1-94 


7 


14-1 


1-90 


8 


15-5 


1*86 


9 


16'9 


1-83 


10 


18*3 


1-81 


11 


19-7 


1*80 


12 


21-0 


1-78 


13 


22-4 


1-77 


1 14 


23-7 


1-76 


15 


25-0 


1-75 


16 


26-3 


175 


17 


27-6 


1-74 


18 


28-9 


1-73 


19 


30*1 


1-73 


20 


31-4 


1-73 


25 


37-7 


1*71 


30 


43-8 


1-70 


40 


55-8 


1-68 


50 


67-5 


1*68 


100 


124*3 


1-66 


500 


553-2 


1*65 



\ /n 






F 






1 


2 


3 


4 


5 


1 


161 


200 


216 


225 


230 


2 


19 


19 


19 


19 


19 


3 


10-1 


9-6 


9-3 


9-1 


9*0 


4 


7-7 


6*9 


6-6 


6-4 


6*3 


5 


6*6 


5-8 


5-4 


5-2 


5*1 


6 


6-0 


5*1 


4-8 


4-5 


4.4 


7 


5-6 


4-7 


4*4 


4*1 


4-0 


8 


5-3 


4*5 


4-1 


3-8 


3*7 


9 


5-1 


4-3 


3-9 


3-6 


3*5 


10 


5-0 


4-1 


3-7 


3-5 


3'3 


11 


4*8 


4-0 


3-6 


3-4 


3*2 


12 


4-8 


3-9 


3-5 


3*3 


3*1 


13 


4-7 


3-8 


3*4 


3-2 


3*0 


14 


4-6 


3-7 


3-3 


3-1 


3-0 


15 


4-5 


3-7 


3-3 


3*1 


2*9 


16 


4*5 


3*6 


3-2 


3-0 


2*9 


17 


4*5 


3*6 


3-2 


3*0 


2-8 


18 


4*4 


3-6 


3 2 


2-9 


2-8 


19 


4*4 


3-5 


3-1 


2-9 


2-7 


20 


4.4 


3-5 


3*1 


2*9 


2*7 


25 


4-2 


3-4 


3-0 


2-8 


2*6 


30 


4-2 


3-3 


2-9 


2*7 


2-5 


40 


41 


3-2 


2-8 


2-6 


2*5 


50 


4*0 


3-2 


2*8 


2-6 


2*4 


100 


3-9 


3-1 


2*7 


2-5 


2-3 


m 1 


3*9 


3-0 


2*6 


2*4 


2*2 
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ANNEX B 
FLOW DIAGRAM OF STATISTICAL PROCEDURE 



Case 



b.1 

non-destructive measurements 


b.2 

proof tests 


b.3 

destructive measurements 


b.1.1 

continuous monitoring 


b.1. 2 

periodic measurements 



Curve of property 
versus time for each 
specimen 

Sub-clause 4.1.1 



Data 
(times to 
failure) 
Calculation 
and decisions 



n_ 



Value of property at 
specified time^ 'or each 
specimen 

Sub-clause 4,1.2 



Intersection of curve 
and end-point time 



t: 



Intersection of best fitting 
curve for each specimen, 
and end- point line 



Time of assessment of 

'failure t, for each 

specimen 

Sub- clause 4.1.3 

I 



Value of property at 
specified times 

Clause 5 



Midpoint of ageing 
period preceding (, 



zc 
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kitersection of assumed curve 
pf properly versus time, and 
end- point line 



Reciprocal thermodynamic temperature Xi Briggsian logarithm of time to failure y^ 



Sub-clause 4,2 



Test report 



a,b 
Sub-clause 4.2 



Sub-clause 4.5 



4 5^,^ 

Sub-clause 4.6 



Sub-clause 4.7 



Sub-clause 4,8 



CV 
Sub-clause 4.9 




Sub-clause 4.10 




Thermal endurance profile 
Ojo/ 0, (0,) 
Sub-clause 4.11 



liermal endurnnnp profile 
ihvJfh (f).) plus x^ and/or F 
Sub~clau5"s 4.5, 4.6 and 
4.11 



Thermal endurance 
graph 

Sub-clause 4 3 



*v 



X 



Temperature index 
when applicable 
Sub-clause 4,4 
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ANNEX C 

LIST OF SYMBOLS 

Symbol Sub-clause 

a Regression coefficient 4,2 

b Regression coefficient 4,2 

bf Intermediate constant 4.10 

c Intermediate constant 4.5 

CV Coefficient of variation 4.9 

/ Number of degrees of freedom of s^ 4.6 

/d Number of degrees of freedom of the denominator of F 4.6 

fi Number of degrees of freedom of sn^ 4.5 

fn Number of degrees of freedom of the numerator of F 4*6 

fj Number of degrees of freedom of Si^ 4.5 

/a Number of degrees of freedom of s^^ 4.6 

F Fisher- distributed stochastic variable 4.6 

i Order number of exposure temperature 4.1 

j Order number of specimen within sample 4.1 

k Number of exposure temperatures 4.1 

n Number of specimens exposed at one temperature 4. 1 

m Number of specimens exposed at 6i 4.1 

A^ Total number of specimens 4. 1 

s^ Pooled variance 4.6 

iy2 Variance of T 4.7, 4.9 

si^ Weighted mean of sn^ 4,5 

^2^ Variance about regression line 4.6 

5ii^ Variance within set of specimens exposed at 6i 4.5 

t Student-distributed stochastic variable 4.7, 4.10 

t Time to failure /hours 3.1 

tf Time when failure was first observed/hours 4.1.3 

ti Median time to failure/hours at di 5.1 

^ij Time to failure/hours of specimen No. j exposed at 6i 4.1, 5.2 

/in Measuring time/hours 5.2 

X Independent variable 1/0 3.1^ 3.2 

Xi Value of x corresponding to ^i 4,2 

X Weighted mean of Xi 4.2 

X Value of ^ at specified value ofjv from regression equation 4.4 4.7 

^c upper unilateral 95% confidence limit on x 4. 10 

Xq Value of a: corresponding to T^ 43 

X20 Value of X corresponding to T^q 4,8 

J Dependent variable, Ig / 3 1 32 

jij Value ofy for specimen No. j exposed at $i 4.2 

y Total mean of ju 4 2 

y,i Sample mean at 6% 4 2 

T Value ofy at specified value of a; from regression equation 4.4 4.7 

Tq Lower unilateral 95% confidence limit on y 4. J 
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Symbol Sub-clause 

Ti Regression equation value of j at xi 4.6 

T5 Value of J corresponding to 5 kh to failure 4.8 

3^80 Value of J corresponding to 20 kh to failure 4.8 

a Significance level 4.5 

B Temperature in ''G 3.1 

$0 Lower unilateral 95% confidence limit on 65 4.10 

6i Exposure temperature in °G 4,1 

65 Estimated temperature in °C giving 5 kh to failure 4.8 

^20 Estimated temperature in °G giving 20 kh to failure 4.8 

Thermodynamic temperature in kelvins 3.1 

©i Exposure temperature in kelvins 4.2 

a^ Variance ( theoretical ) of j 3.2 

X^ Chi-square-distributed stochastic variable 4.5 



12 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any 
form without the prior permission in writing of BIS. This does not preclude the free use, in the course 
of implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also 
reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that 
no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of 'BIS Handbook' and 'Standards Monthly Additions'. 

This Indian Standard has been developed from Doc No. ETD 02 ( 3700 ). 



Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 Telegrams : Manaksanstha 

Telephones : 331 01 31, 331 13 75 ( Common to all offices ) 

Regional Offices : Telephone 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg f 331 01 31 

NEW DELHI 110002 1 331 13 75 

Eastern : 1/14 C. I. T. Scheme VII M, V. I. P. Road, Maniktola i 37 84 99, 37 85 61 

CALCUTTA 700054 ( 37 86 26, 37 86 62 

Northern : SCO 445-446, Sector 35-C, CHANDIGARH 160036 f 53 38 43, 53 16 40 

1 53 23 84 

Southern : C I. T. Campus, IV Cross Road, MADRAS 600113 ( 235 02 16, 235 04 42 

I 235 15 19, 235 23 15 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) ( 632 92 95, 632 78 58 

BOMBAY 400093 ( 632 78 91, 632 78 92 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. 

COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. 
JAIPUR. KANPUR. LUCKNOW. PATNA. THIRUVANANTHAPURAM. 



Printed at New India Hriiitiug Press, Khurja, India 



